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Abstract 

Temporal coherence of individual signal or idler beam, determined by the spectral correlation 
property of photon pairs, is important for realizing quantum interference among independent 
sources. To understand the effect of chirp on the temporal coherence property, two series of 
experiments are investigated by introducing different amount of chirp into either the pulsed pump 
or individual signal (idler) beam. In the first one, based on spontaneous four wave mixing in a 
piece of optical fiber, the intensity correlation function of the filtered individual signal beam, which 
characterizes the degree of temporal coherence, is measured as a function of the chirp of pump. The 
results demonstrate that the chirp of pump pulses decreases the degree of temporal coherence. In 
the second one, a Hong-Ou-Mandel type two-photon interference experiment with the signal beams 
generated in two different fibers is carried out. The results illustrate that the chirp of individual 
beam does not change the temporal coherence degree, but affect the temporal mode matching. 
To achieve high visibility, apart from improving the coherence degree by minimizing the chirp of 
pump, mode matching should be optimized by managing the chirps of individual beams. 
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I. INTRODUCTION 



Quantum correlated signal and idler photon pairs from parametric processes have been 
a crucial resource for quantum metrology and quantum information processing. To suc- 
cessfully fulfill a specific task, one needs to consider the spectral (temporal) properties. 
Particularly, for the tasks involving quantum interference among independent sources, such 
as quantum teleportation and linear optical quantum computing [l, 2|, photon pairs in a 



spectral factorable state are highly desirable 



3|-|5|. In this case, individual signal or idler 



beam (photons) in single mode thermal state is said to have high temporal coherence, which 
is the key to form quantum interference with high visibility |6|. 

Generally speaking, the coherence degree of individual beam, determined by the correla- 
tion property of photon pairs, is related to its spatial and temporal modes. Because it has 
been proved that the individual beam exhibits thermal fluctuation [7|, and there is a relation 

n 

between the measured bunching coefficient and the mode number of a thermal field [8|, we 
characterize the degree of coherence by measuring the intensity correlation function g^'^^ j^. 
Moreover, photon pairs generated from spontaneous parametric emissions (SPE), includ- 
ing spontaneous parametric down conversion (SPDC) and spontaneous four wave mixing 
(SFWM) in x^"^^ and x^^^ nonlinear media, respectively, usually exhibit significant spectral 
and spatial correlations. Considering the spatial correlations can be minimized by using 
guided-wave configurations, here we focus on the spectral correlation determined temporal 
coherence property. 

When g^'^^ of individual signal or idler field is measured by using single photon detectors 
(SPDs) with response time much longer than the coherence time of the thermal field, g^'^'' 
increases with the decrease of the mode number contained in the field. For instance, for 
photon pairs in spectral factorable state, the measured photon statistics of the single mode 
individual beam is P{n) = ^^_^y^^-i (Bose-Einstein distribution), where n and P{n) denote 
the average photon number and probability of detecting n-photon, respectively. In contrast, 
for the photon pairs with perfect spectral correlation, individual beam is in multi-mode 
thermal state, and the measured photon statistics can be expressed as P{n) ^ ^ exp(—n) 
(Possion distribution). In the former case, the value of g^'^^ equals 2; while in the latter, in 
the sense of realizing quantum interference amongmultiple sources, the temporal coherence 
degree is low, and the value of (7*-^^ approaches 1 91]. 
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To obtain individual beam with high temporal coherence, pulsed laser are often chosen to 
serve as the pump source, because photon pairs from a continuous wave laser pumped SPE 
always have perfect spectral correlation. For the pulse pumped SPE, generating spectral 
factorable two-photon state by using narrow band optical filters and by engineering the 
dispersion property of nonlinear media has been extensively studied 3|-|6|, llONl4|. In this 
process, the pulsed optical fields, including the mode-locked pump pulse train and individual 
signal or idler fields, will acquire certain amount of chirp during propagation in a transparent 
medium due to the effect of chromatic dispersion and Kerr nonlinearity, particularly for the 
ultrashort femto-second pulses. However, for the related work presented so far, the pump is 
treated as a transform limited pulse, the influence of the chirp of pulsed pump has not been 
investigated. Additionally, the impact of the chirp of pulsed individual signal or idler beam 
on the temporal coherence property has yet to be studied as well 15|. 



In this paper, to the best of our knowledge, we study the effect of chromatic dispersion 
induced chirp on the temporal coherence property of individual beam generated from a SPE 
process for the first time. Based on SFWM in dispersion shifted fiber (DSF), two series of 
experiments are investigated by introducing different amount of chirp into either the pulsed 
pump or individual signal (idler) beam. In the first one, g^'^^ of the filtered individual signal 
beam is measured as a function of the chirp of pump. The results demonstrate that the 
chirp of pump pulses decreases the degree of temporal coherence. In the second one, a 
Hong-Ou-Mandel (HOM) type two-photon interference experiment with the signal beams 
generated in two different fibers are analyzed and conducted. The results illustrate that 
the chirp of individual beam does not change the temporal coherence degree, but affect the 
mode matching. To achieve high visibility, in addition to improving the coherence degree by 
minimizing the chirp of pump, mode matching should be optimized by properly managing 
the chirps of individual beams. Our investigations are useful for quantum state engineering 
and quantum information processing. 

The rest of the paper is organized as follows. In Sec. II, we briefly introduce basic 
principle of the experiment. In Sec. Ill, using pulse pumped SFWM in 300 m DSF, we 
study the temporal coherence property by measuring g^'^^ of filtered individual signal (idler) 
beam as the chirp of pump is varied. When the chirp of pump pulses is taken into account, 
we find that the two-photon joint spectral intensity (JSI) function \F{ui,Us)f is not suitable 
for precisely characterizing the factorability of photon pairs, because the information of chirp 
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contained in joint spectral amplitude (JSA) function F{ui,Us) vanishes in JSI. However, the 
measured g^'^'' of individual beam, depending on JSA and the spectrum of individual beam 
shaped by a filter, is a real reflection of the factorability of detected photon pairs. To obtain 
high temporal coherence, the chirp of pump should be minimized. In Sec. IV, using signal 
beams respectively generated from two 300m DSFs, we investigate a HOM type two-photon 
interference experiment by varying the chirps of individual beams to better understand the 
influence of the chirp on quantum interference among multiple sources. The results show 
that the observed interference dip is not only related to the temporal coherence degree, 
but also dependent on temporal mode matching determined by the chirps of individual 
beams. When the chirps of individual beams are not properly managed, the visibility is 
decreased, while the measured width of interference dip is increased. In Sec. V, we extend 
our investigation to a general pulse pumped spontaneous parametric process, and discuss 
the relation between g^'^'^ and chirp. Finally, we give a brief conclusion. 



II. BASIC PRINCIPLE OF THE EXPERIMENT 



To obtain individual beam of photon pairs with high temporal coherence, the following 
two methods are often used. For photon pairs with high spectral correlation, one need to 
apply a filter with narrow bandwidth to signal or idler beam so that the detected photon 
pairs are spectrally factorable jsl, [igI . In this case, the filtered individual beam is in single 
temporal mode. While for the photon pairs, which are directly in a spectral factorable 
state j^, ^, individual signal or idler beam is in single mode, even without filtering. 

In our experiment, photon pairs via SFWM are generated in DSF by a pulsed pump. 
The phase matching bandwidth of SFWM is very broad, signal and idler photon pairs with 
a relatively small detuning exhibit a strong spectral correlation [13]. Therefore, to obtain 
individual beam with high coherence, a filter with narrow bandwidth should be applied in 
signal or idler field \v^. 

In order to study the influence of the chirp, we introduce the linear chirp by propagating 
the pulsed pump or individual signal (idler) beam through a piece of standard single mode 
fiber (SMF). For a given Gaussian shaped spectrum, the unchirped pulse can be expressed as 
E(t) oc exp (— T^), where Tq associated with the spectral width a of optical field corresponds 
to the minimum pulse duration. If the Kerr nonlinearity is insignificant, after propagating 
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where Vg is 



through the SMF, the field evolves into E(t, z) oc exp [— 
the group velocity of optical field in SMF, C = P2z/Tq = (32za'^ is the chirp parameter, 
/32 denotes second order dispersion coefficient, and z is the length of the SMF 18|. As a 



consequence, the pulse duration of the linearly chirped optical field, AT = vT+C^To, is 
enlarged. 



III. TEMPORAL COHERENCE OF INDIVIDUAL SIGNAL BEAM INFLU- 
ENCED BY CHIRP OF PULSED FIELDS 

Our experimental setup is shown in Fig. 1. The signal and idler photon pairs are produced 
by SFWM in DSF, and the pump source is a mode-locked pulse train with a certain amount 
of linear chirp. In SFWM process, two pump photons at frequency Up scatter through the 
Kerr (x^^"*) nonlinearity of the fiber to create energy-time entangled signal and idler photons 
at frequencies Ug and Ui, respectively, such that 2up = + Ui. To reliably detect the 
signal and idler photons, one must effectively suppress the pump photons from reaching 
the detector, so the output of DSF propagates through a dual band filter F2, which is 
realized by cascading wavelength-division multiplexing (WDM) filters with one channel of 
array waveguide gratings (AWG). The pump-rejection ratio provided by F2 is in excess of 
120 dB. 

The phase mismatch term of the SFWM is [isj ]: 

Air ^ 27P, + ^A2 + ^A((], - a) + ^A2(fi, + a), (1) 

4 / o 

where Pp is the peak pump power, 7 and /^s are the nonlinear coefficient and third order 
dispersion coefficient of the fiber, respectively, A = — ujio is the central frequency differ- 
ence between signal and idler fields, Vl^ and fij are related to ujs and uji by Vtg = ~ Ugo 
and VLi = (jJi — Uiq. Here and (3^ are respectively associated with the dispersion slope of 
DSF through 132 = —i^Dsiope{\o — ^0) and 13^ = {^yDgiope- When the central wavelength 
of pump Apo is longer than the zero dispersion wavelength Aq of DSF, we get P2 < ^ which, 
in addition to a small amount of self-phase modulation and third order dispersion results in 
the satisfaction of AK ^ 0. 

In the experiment, 300 m DSF with Aq = 1538 ±2 nm and Dgiope = 0.075 ps/(nm^-km) is 



submerged in liquid nitrogen to suppress Raman scattering 



17| . The central wavelength and 



repetition rate of the mode-locked pump laser are about 1538.9 nm and 41 MHz, respectively. 
The fiber polarization controller (FPCl) and a polarization beam sphtter (PBSl) are used 
to ensure the polarization and power adjustment of pump. Signal and idler photons co- 
polarized with the pump are selected by adjusting FPC2 placed in front of PBS2. The 
central wavelength of F2 in signal and idler bands are 1546.9 nm and 1530.9 nm, respectively. 
Under this condition, A/T is satisfied, and an efficient SFWM with broad band phase 
matching is realized. To obtain signal or idler photons with high temporal coherence, the 
full width at half maximum (FWHM) of the narrow band filter F2 is set to be 0.4 nm in 
both signal and idler bands. 

To achieve the pulsed pump with different amount of linear chirp, we first obtain the 
initial pump pulses by passing the output of a mode-locked fcmto-sccond fiber laser through 
filter Fl, whose central wavelength and FWHM are 1538.9 and 1 nm, respectively. Next, 
we introduce chirp by propagating the initial pump along a piece of standard SMF with ^2 
of about —20 ps^/km. Before launching into the SMF, the initial pump is attenuated to 
about 10 /iW to ensure the chirp is mainly originated from the chromatic dispersion, but 
not Kerr nonlinearity. The quantity of the imported linear chirp can be changed by varying 
the length of SMF. To obtain the required power, the pump pulses are then amplified by 
an erbium-doped fiber amplifier (EDFA), and cleaned up by passing through another Fl. 
For the SMF with length of 400 m, 600 m, 800 m, 1km, 1.2 km, and 1.4 km, respectively, 
we measure the pulse duration of the chirped pulses passed through EDFA and Fl by 
using an auto-correlator. According to the relation between the pulse duration and chirp, 
ATp = 0.44A^o^l + C^/(2Vin2cAAp), with AAp denoting the FWHM of pump, the amount 
of chirp of pump field Cp can be deduced. Figure 2(a) plots ^1 + Cp as a function of the 
length of SMFs. Note that the pulsed pump is not transform limited even if the SMF is by 
passed, because quantity of chirp Cp presented in the initial pump is greater than 0. 

The signal (idler) photons propagated through F2 are then counted by SPDs (id200) 
operated in the gated Geiger mode. The 2.5 ns gate pulses arrive at a rate of about 2.58 MHz, 
which is 1/16 of the repetition rate of the pump pulses, and the dead time of the gate is set 
to be 10 fis. The timing of gate pulses arc adjusted by a digital delay generator to coincide 
with the arrival of signal (idler) photons. To measure the intensity correlation function g^'^\ 
photons in signal (idler) band propagate through a 50-50 beam splitter (BS) and then are 
detected by SPDl and SPD2, respectively. In the measurement, path matching is required to 
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ensure the photons detected by two SPDs are produced by the same pump pulse. Because 
the coherence property of filtered individual signal and idler photons is identical in our 
experiment, in the following description, we only present the results of signal photons, and 
refer to the signal photons as signal beam. 

Before presenting experimental data, let's briefly analyze the the dependence of measured 
g^"^^ of signal beam by taking the chirps of pulsed pump and individual beams into account. 
The strong pump pulses with a linear chirp Cp and Gaussian shaped spectrum remain 
classical, and can be written as 



where Pp cx a^Ep^/ yT+~C^, and dp denotes the bandwidth of pump. In the Heisenberg 
picture, and in the low gain regime, the field operator of co-polarized signal beam at the 



output of DSF is [16 1 



G 

a{ujs) = ao{ujs) H / duJiF{uJi,ujs)al{uJi) + o{G), (3) 



where ao{oJs) and al^coi) are annihilation and creation operators of the vacuum fields at 



Us and Ui, respectively, G oc ■yPpL^'l — iGp is proportional to the gain of SFWM. The 
JSA has the form: F{uji,ujs) oc exp[— "^t^fi {fli + fis)^]sinc(iAKL), where L is the length of 
DSF. Since the value of the term, /32A^/4 + 27Pp, in Eq. ([I]) is negligibly small, using the 



approximation sinc(A_ft'L/2) ^ exp[— + ^)^], we obtain the expression of JSA 13 1 



ocexp[-i^(l], + l].)2]exp[-i(^ + ^)2], (4) 

where the coefficients A = 6.44/[L(/33AV4 - A)] > ap and B = 6.44/[L(/33AV4 + 
/32A)] ^ cTp, are proportional to the bandwidth of phase matching function in idler and 
signal bands. Eq. (jl]) shows that the directly generated signal and idler photon pairs are 
spectrally correlated, and the correlation increases with the increase of Cp. However, the 
chirp induced correlation vanishes in the expression of JSI function 

cx exp[-i^^^±p] exp[-(| + |)^]. (5) 

Therefore, even though the feature of JSI can be experimentally observed by a coincidence 
measurement with two-dimension scanning in the signal and idler bands, and was often used 
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to characterize the factorabihty of JSA , our analysis shows that JSI is not suitable 

for accurately characterizing the spectral correlation property of photon pairs for the case 
of Cp ^ 0. 

After passing through the filter F2, the field operator of the signal beam can be written 

as 

Atit) = ^ / duJiuM^s)e-'^''\ (6) 



where /(ws) = exp [— + iC^)/(2cr^)] describes spectrum of F2 in signal band and the 
chirp of signal beam C'^ introduced by transmission fibers. In our experiments, since the 
bandwidth of filtered signal beam as is much smaller than A and B, for the expression of 
Af{t) in Eq. ([6]), we can apply the approximation exp[-i(^ + %)^] ~ 1 (see Eq. (jl])) to 
simplify the analysis. 

In the photon counting measurement, the filed operators of signal beam detected by SPDl 
and SPD2 can be written as 

Etit) = VT^.Atit), 

E+it) = iVRVmAtit), (7) 

where R and T denote the reflectivity and transmissivity of the BS, rjj (j=l,2) denotes the 
total detection efficiency determined by the efficiencies of F2 and SPDs. Accordingly, the 
coincidence rate between SPDl and SPD2 is 

Nu = J dhdt2\\Et{ti)Et{t2) |0)||', (8) 
and the intensity correlation function can be calculated and expressed as 

2 

(2) ^12 T , / dusdu'^U duif{us)F*{iJi,ojs)f{u}s)F{uJi,uj'^)\ ^ ^ 1 



g(^) = = 1+ _ , , , 

^1^2 \JdUsdu,\f{Us)F{cO.,Us)f\ + 

(9) 

where A^i = J^^ dt {0\ E^{t)Et{t) |0) and A^2 = J^^ dt {0\ E2{t)E+{t) |0) are the single 
count rates of SPDl and SPD2, respectively. Notice g^"^^ < 2 because of the Schwatz 
inequality, the equality holds if and only if JSA F{uJi,Us) can be factorized. For the given 
DSF, F{ui,Us) is not factorable, however, we can make the product of f{uJs) and F{ijJi,ijJs) 
approximatively factorable by applying the narrow band filter in signal field. Moreover, it 
is clear that g^'^^ of individual signal beam depends on the chirp of pump Cp, but has no 
relevance to the chirp of individual beam C'^. When Cp increases, the factorabihty of the 



product f{ijJs)F{oJi,Us) decreases, unless the bandwidth of filtered signal beam as is further 
reduced. 

To verify the above analysis, we experimentally measure g^'^^ of the filtered signal beam 
as a function of the chirp of pump. In the measurement, the peak power of the pump is fixed 
at about 1 W to ensure the phase matching described by Eq. ([T]) does not change, and the 
chirp parameter Cp is varied by propagating the initial pulses through SMF with different 
lengths. As shown in Fig. 2(b), one sees that g^"^"^ decreases with the increase of iyr+~C^. 
Additionally, we compute g^'^^ by substituting the experimental parameters into Eq. (Q. It 
is clear that the calculations agree with the experimental results. 

IV. HOM TYPE TWO-PHOTON INTERFERENCE INFLUENCED BY THE 
CHIRP OF INDIVIDUAL BEAMS 

Having investigated the dependence of the temporal coherence of individual signal beam, 
we study a HOM-type two-photon interference formed by signal photons generated from 
independent sources to better understand the influence of chirp. The experimental setup is 
shown in Fig. 3. The filtered signali and signal2 beams with identical spectrum are obtained 
by passing the pulsed pump through a 50-50 BS (BSl) and then pumping DSFl (300 m) and 
DSF2 (300 m), respectively. After propagating through transmission fibers, the two signal 
beams are carefully path matched and simultaneously fed into a 50-50 BS (BS2) from two 
input ports, respectively. Before coupling into BS2, signal2 beam originated from DSF2 is 
delayed by the reflector mirrors mounted on a translation stage. The two output ports of BS2 
are detected by SPDl and SPD2, respectively. Since we have previously demonstrated the 
dependence of observed visibility of interference upon g^'^'' of individual beam in Ref . jirjl . here 
we will focus on studying the influence of the chirps of individual signal beams. Therefore, 
the chirp of pump is fixed, while different amount of chirps are introduced to signal beams by 
passing through transmission SMFs with different dispersion properties and with different 
lengths. 

Let's analyze the experiment at first. The field operators of chirped signali and signal2 
beams can be expressed as A^^(t) and Af2(t) (see Eq.(l6])), respectively. The function de- 
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scribing filters and transmission media of A^^ (t) and A ^2 (t) are 



fi{us) = exp{- 



and 



f2{ujs) = exp{- 



2a2 



2al 



(10) 



(11) 



respectively, where C'^^ and stand for the chirps introduced to the two signal beams. 
When the two signal fields are combined at BS2, the relative delay between them is 5t = 
261 /c, where 61 is the difference in readings of the translation stage. 

In the photon counting measurement, the fields operator detected by SPDl and SPD2 



are: 



Em 
Em 



/rjv 



vVfAt,it + 6T)+tVRAm 
ir]VRAt,{t + 6T) + VTAm 



(12) 



where rj denotes the ratio between the intensities of signali and signal2 beams at the input 
ports of BS2, and r7i/(2') is total detection efficiencies of SDPl (SPD2). Accordingly, the 
coincidence rate of SPDl and SPD2 is written as 

NyN2'TR{l + 7]^){g'^^^ - i; 



Nr2'{6T) 



{r]^T + R) {r]^ + T) 



S 



2r,'i{6T) 
(1 + ^') 



+ NvN2' 



with 



^{6t) = exp 



5^2^2(^(2) _ 1)2^2 



(13) 



(14) 



where = dt {0\ E-,{t)E+{t) |0) and N2' = dt {0\ E-,{t)E:^,{t) |0) are the single 
count rates of SPDl and SPD2, respectively. Note that the coefficient 



S 



7-2 I 1/^2^2 

' s ~ 2 V 



< 1 



(15) 



in Eqs. f lT3|) and f|T^ is associated with the temporal mode matching between the chirped 
signal fields A'^^{t) and Af2{t), where = l/cr^ is the coherence time of signal field. The 
equality S = 1 only holds for C'^i = C^2- 

From Eqs. ( IT3ll and dH]), one sees that for the coefficient 5* with a certain value, the 
coincidence rate A'^1/2/ increases with the increase of time delay 5r^, and the smallest 
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will be achieved at St = 0. Therefore, a interference dip should be observed by measuring 
coincidences versus the position of the translation stage. 

To figure out more observable features of the two-photon interference dip, let's analyze 
its FWHM and visibility. At and V, respectively. According to Eqs. f[T^ and f[T^ . taking 
the relative delay quantities St = — ^ and St = which correspond to the average 
of the measured maximum and minimum coincidence rate, i.e. A'^i/2'(— j^) = A^i'2'(^) = 
Nj^,2i{ST^oo)+N-^,2iiST-o) ^ obtain the expression of the FWHM: 



2V2 In 2 , , 

Defining the visibility as = ^i'2' , we find the dependence of V and At 
is different. At can be fully determined by the coefficient S, bandwidth and intensity 
correlation function of the signal beams, cr^ and g^'^\ but V also relies on the parameters R 
(T) and rj, which respectively denote reflectivity (transmissivity) of BS2 and ratio between 
the intensity of two signal beams. For clarity, substituting the parameters R = T and 1] = 1, 
into Eq. ( 1T3|) . which correspond to the maximized visibility for g'^'^^ and S with certain 
values, we obtain the expression of visibility: 

V=i^i^l^ (17) 

Note that under the condition of S" = 1, the highest visibility would be V = 33% for 
(^(2) = 2 because of the thermal nature p, However, if the two-photon interference 
can be measured by gating the idler fields of DSFl and DSF2, the signal fields would be 
single photon Fock states, and the visibility theoretically quantified hj V = g^'^^ — 1 can be 
expected to reach 100% 



According to Eqs. ( fT6l) and ( fT7|) . one sees that the interference dip with a increased 
FWHM and reduced visibility will be observed for the case of S* < 1 {C'^i 7^ Therefore, 
in order to improve the visibility of quantum interference among multiple sources, apart 
from making effort to obtain individual beams with high coherence, the chirps of pulsed 
individual beams, C'^i and C^25 should be properly managed. It is worth noting that the 
FWHM given by Eq. flTBl) is not a real reflection of pulse duration of signal fields due to the 
slow response time of SPDs 2ll |. 

Having analyzed the performance of the HOM interferometer, we experimentally measure 
the coincidences versus position of the translation stage in three cases. In the first case, for 
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both the signali and signal2 beams, the lengths of their single mode transmission fibers are 
so short that the induced chirps are neglectable, i.e. Cg^ = ~ 0; in the second case, 
both signali and signal2 beams propagate through the same kind of standarded SMF with 
length of about 1.5 km, i.e., C^^ ~ ~ —1.2; while in the third case, signali and signal2 
transmit through 1.4 km standard SMF and 280 m dispersion compensation fiber (/32 ~ 100 
ps^/km), respectively, i.e., C^i ~ —1.1, C^2 ~ 1- For the first and second cases, we have 
S = 1, while for the last case, we have 5* ~ 0.7. During the measurement, the average 
power of the pump with the currently achievable minimum chirp is about 0.6 mW, and 
the measured about 1.94 for both signal beams, which is irrelevant to the chirp of 

individual beam. Moreover, to observe the maximized visibility, the intensities of signali and 
signal2 beams are adjusted to be equal (r/ = 1), and the polarization of signali is adjusted 
by FPC to ensure the polarizations of the two signal fields involved in interference are the 
same. Furthermore, to conveniently compare the data obtained in different cases, the directly 
measured coincidences A''i/2' are normalized by the calculated accidental coincidences, which 
is the product of single count rates of two SPDs, N11N2'. 

Figure 4 shows the experimental results. One sees that the biggest values of normalized 
coincidence N1/2' /{N11N2') are the same in three cases. For S = 1, one sees that the data 
obtained under the conditions of C^i = ~ ^'si ~ ~ ~l-2, respectively, is 
almost overlapped, the observed visibility and FWHM of the dip, V and At, are about 
31% and 13 ps, respectively. However, for S ~ 0.7, V is reduced to about 18%, and At is 
increased to about 17 ps. Moreover, we compute the value of the normalized coincidence by 
substituting the experimental parameters into Eq. ( IT3ll . and the calculations agree with the 
measured results quite well. The results demonstrate that for individual beams with high 
temporal coherence, the high visibility can be preserved by properly managing the chirps of 
individual beams, otherwise the visibility and FWHM of interference dip will be decreased 
and increased, respectively. 



V. DISCUSSION 



Finally, we would like to mention that our study can be extended to other pulse pumped 
SPEs. Using the general expression of JSA for SPDC and SFWM (see Ref. 12| and Eq. 
dl])), the intensity correlation function of individual signal or idler beam can be respectively 
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expressed as 



and 



where cTj denotes the bandwidth of filter in idler band; A' and B' describe the bandwidth 
of phase matching function in signal and idler bands, respectively; a is equal to 1 and 2 
for SPDC and SFWM, respectively. Equations f|T8l) and f|T9l) indicate that despite properly 
designing the dispersion property of nonlinear media to regulate the ratio of A' / B' |3|, ^j, 
the temporal coherence degree of individual beam can be changed by manipulating the 
chirp parameter Cp. From this point of view, the chirp of pump might be viewed as another 
degree of freedom for engineering the quantum state of photons from spontaneous parametric 
processes. 

Since the intensity correlation function of individual beam is associated with the spectral 
correlation of photon pairs (see Eq. (|9]), according to Eqs. (|T8|) and f lT9|) . one sees that the 
present of Cp is good for increasing the spectral correlation of photon pairs. However, it 
seems that Cp is adverse for directly generating photonpairs in a spectral factorable state, 
which is in principle filter free (cTp ^ (Xs and ^ (Xj) |3|, With the increase of the chirp 
Cp, to maintain the degree of temporal coherence, the filter with a narrower bandwidth 
should be required. Therefore, to improve the coherence degree of individual beam, it is 
necessary to decrease the spectral correlation of photon pairs by reducing the chirp quantity 
of pump pulses. 



VI. CONCLUSION 



In conclusion, by introducing different amount of chromatic dispersion induced chirp into 
either the pulsed pump or signal (idler) beam, we have investigated the effect of chirp on 
the temporal coherence property of individual beam generated from a spontaneous para- 
metric process for the first time. Using the pulse pumped SFWM in 300 m DSF, we have 
studied the degree of temporal coherence as a function of the chirp of pump. The degree 
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of temporal coherence is characterized by the intensity correlation function of individual 
beam g^'^\ which is a real reflection of the factorability of detected photon pairs, and the 
experimental results demonstrate that the chirp of pump pulses decreases the degree of 
temporal coherence. To improve the temporal coherence degree, the chirp of pump should 
be minimized. Moreover, to better understand the influence of the chirp on the quantum 
interference among multiple sources, a HOM type two-photon interference experiment with 
the signal beams generated in two different fibers is analyzed and conducted. The results 
illustrate that the chirp of individual beams does not change the temporal coherence degree, 
but affect the temporal mode matching. If the chirp of individual beams is not properly 
managed, the visibility will be decreased. To achieve high visibility, apart from improving 
the coherence degree, the mode matching should be optimized by matching the chirps of 
individual beams. We believe our study can be extended to other pulse pumped spontaneous 
parametric emission processes, therefore, is very useful for quantum state engineering and 
for quantum information processing. 
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FIG. 1: (Color online) Experimental setup. SMF, single mode fiber; FPC, fiber polarization 
controller; PBS, polarization beam splitter; F, filter; BS, beam splitter. 
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FIG. 2: (Color online) (a) The chirp quantity of pump versus the length of SMF. (b) The intensity 
correlation function g^'^^ of filtered individual signal beam as a function of the chirp of pump. The 
solid curve is the calculated result by substituting experimental parameters into Eq. ([9]). 
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FIG. 3: (Color online) Experimental setup of two-photon Hong-Ou-Mandel (HOM) interferometer. 
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FIG. 4: (Color online) The normalized two-fold coincidences Ni'2' /{Nii N2') versus position of the 
translation stage in three cases. Error bars are about the same as the size of data points. The solid 
and dashed curves for the case of S = 1 and S ^ 0.7 are obtained by substituting the measured 
result of g^'^^ = 1.94 and other experimental parameters into Eq. (|13p . no fitting parameters are 
used. 



17 



